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Ralph Byers 1955–2007
After a long and hard fight against cancer, Ralph Byers passed away on Saturday December
15, 2007. He is survived by his wife Margaret Bayer and his daughters Ruth and Nora.
Ralph received his bachelors degree in Mathematics from McGill University in 1977, his
masters degree in 1980 and his doctorate in Applied Mathematics from Cornell University in
1983 under the supervision of Charles Van Loan. He spent post-doc periods at Northern Illinois
University from 1983 to 1985 and North Carolina State University from 1985 to 1987. Since 1987
he had been a professor of Mathematics at the University of Kansas. He had visiting positions at
Universität Bielefeld in 1990, Lawrence Berkeley National Laboratory in 2003, and TU Berlin
in 2004. Ralph served as associate editor of Systems and Control Letters from 1993 to 1998 and
Linear Algebra and its Applications since 2003.
Ralph was very well known for his research in applied and numerical linear algebra, in particular
in the areas of numerical methods for eigenvalue and control problems. In 1984 he received the
prestigious triennial Householder award (shared with J. Demmel) for his Ph.D. Thesis [1] in which
he made a breakthrough towards the problem, known as Van Loan’s curse, of finding a numerically
strongly stable method of complexity n3 for the solution of Hamiltonian and symplectic eigenvalue
problems. These problems are at the heart of numerical methods in many control applications,
in particular in optimal control of continuous and discrete time systems. Ralph’s contributions
to these eigenvalue problems and their generalizations, together with the associated methods for
solving algebraic Riccati equations, [3,6,9,13,15,20,45,42] present the state of the art in solving
these problems. Ralph, together with coauthors also implemented these methods as production
code [38].
By carefully analyzing the (potentially numerically unstable) sign function method and by
providing a step-size control for the Kleinman–Newton method for the algebraic Riccati equations,
Ralph and his coauthors were instrumental to make these methods standard techniques in the
solution of Riccati equations [9,20,23,24,25,55], in particular for large scale control problems on
parallel computer architectures [39,41].
In his research, Ralph always had a strong interest in the conditioning of numerical problems
and the stability analysis of numerical methods in the presence of round-off errors or perturbations.
This has led to many contributions on the conditioning of matrix equations and invariant subspaces
[2,4,5,8,47]. His interest in considering the extreme and worst case analysis also led to his research
on distance problems. The determination of the distance of a control system to the nearest unstable
or uncontrollable system are very important problems in the analysis of robustness of real world
control applications. Ralph was one of the first to derive numerically stable methods for the
computation of such distances [10,14,29,36,51].
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He was also on the forefront of research on extending classical results for standard state space
systems to generalized state space systems (descriptor systems) [19,21,26,27,32,34] and recently
also to higher order systems and matrix polynomials [56]. In this context one should also consider
the newly designed pencil arithmetic, which provides a calculus for addition and multiplication of
matrix pencils and allows to address many computational control problems for generalized state
space systems in a uniform way [28,33,40,41,45,50].
Current approaches to the computation of robust, optimal H∞, controllers suffer from the
problem that available computational methods tend to fail in the neighborhood of the optimal
solution. To avoid this, Ralph and coauthors recently designed and analyzed new computational
methods [53,54] that still work in a numerically robust way when conventional, non-structure
preserving methods fail.
Another hard problem which occupied Ralph for many years was the convergence behavior
of the QR algorithm and the numerical problems arising when using multiple shifts that allow
the use of matrix–matrix operations in the course of the iteration. Ralph together with his Ph.D.
student Karen Braman and coauthor Roy Mathias solved both problems in two break-through
papers [43,44], of which the latter received the 2003 triennial SIAM Activity Group on Applied
Linear Algebra Prize and the 2005 SIAM Outstanding Paper Award.
Ralph spent endless hours on implementing this new multi-shift QR algorithm with aggressive
deflation, to provide it to the community within the LAPACK library [48,52].
It was a distinct feature of Ralph’s personality to be extremely careful and thorough when it
came to publishing or refereeing. He never took the easy and fast path but was always doubtful
and critical about his own work.
I, and several of my students and post-docs who got to know Ralph through his research visits
in Germany, continued to work with him over the years and enjoyed this attitude, the warm and
friendly atmosphere when working with him, as well as his subtle humor. I remember well his
favorite suggestion, when we were asked to reduce the length of a paper, to make it shorter by
just taking out the blanks.
He was very much a family man. The well-being of his family and the education and future of
his daughters always had highest priority.
The numerical linear algebra and control community has lost a great scientist and many
members of the community a very good friend.
Acknowledgements
Peter Benner, Daniel Kressner and Hongguo Xu made helpful comments and suggestions on
a draft of this article.
References
[1] R. Byers, Hamiltonian and Symplectic Algorithms for the Algebraic Riccati Equation, Ph.D. Thesis, Cornell
University, Department Computer Science, Ithaca, NY, 1983.
[2] R. Byers, A LINPACK style condition estimator for the equation AX − XBT = C, IEEE Trans. Automat. Control,
AC-29 (10) (1984) 926–927.
[3] R. Byers, V. Mehrmann, Symmetric updating of the solution of the algebraic Riccati equation, Methods of Operations
Research, (Proceedings of the 10th Symposium on Operations Research), Universität München, August 26–28, 1985,
Verlag Anton Hain, 1985, pp. 117–125.
[4] R. Byers, Numerical condition of the algebraic Riccati equation, Contemp. Math. 47 (1985) 35–49.
2412 Personal report / Linear Algebra and its Applications 428 (2008) 2410–2414
[5] R. Byers, Numerical stability and instability in matrix sign function based algorithms, in: C.I. Byrnes, A. Linquist
(Eds.), Computational and Combinatorial Methods in Systems Theory, North-Holland, New York, 1986, pp. 185–
200.
[6] R. Byers, A Hamiltonian QR algorithm, SIAM J. Sci. Statist. Comput. 7 (1986) 212–229, Reprinted in Numerical
Linear Algebra Techniques for System and Control, in: Rajni V. Patel, Alan J. Laub, Paul Van Dooren, (Eds.), IEEE
Press, New York, 1994, pp. 469–494.
[7] R. Byers, B. Harris, M. Kwong, Weighted means and oscillation conditions for second order matrix differential
equations, J. Differential Equations 61 (2) (1986) 164–177.
[8] R. Byers, S. Nash, On the singular “vectors” of the Lyapunov operator, SIAM J. Algebraic Discrete Methods 8 (1)
(1987) 59–66.
[9] R. Byers, Solving the algebraic Riccati equation with the matrix sign function, Linear Algebra Appl. 85 (1987)
267–279.
[10] R. Byers, A bisection method for measuring the distance of a stable matrix to the unstable matrices, SIAM J. Sci.
Statist. Comput. 9 (1988) 875–881, Reprinted in Numerical Linear Algebra Techniques for System and Control, in:
Rajni V. Patel, Alan J. Laub, Paul Van Dooren, (Eds.), IEEE Press, New York, 1994, pp. 219–224.
[11] R. Byers, S. Nash, Approaches to robust pole assignment, Internat. J. Control 49 (1989) 97–117.
[12] A. Bunse-Gerstner, R. Byers, V. Mehrmann, A quaternion QR algorithm, Numer. Math. 55 (1989) 83–95.
[13] A. Bunse-Gerstner, R. Byers, V. Mehrmann, Numerical methods for algebraic Riccati equations, in: Proceedings of
the Workshop on the Riccati Equation in Control, Systems and Signals, Como, Italy, June 1989, pp. 107–116.
[14] R. Byers, Detecting nearly uncontrollable pairs, in: M.A. Kaashoek, J.H. van Schuppen, A.C.M. Ran, (Ed.), Signal
Processing, Scattering and Operator Theory, and Numerical Methods, Proceedings of the International Symposium
MTNS-89, Amsterdam, vol. III, Birkhäuser, Boston, 1990, pp. 447–457.
[15] R. Byers, A Hamiltonian–Jacobi algorithm, IEEE Trans. Automat. Control AC-35 (5) (1990) 566–570.
[16] A. Bunse-Gerstner, R. Byers, V. Mehrmann, N.K. Nichols, Numerical computation of an analytic singular value
decomposition of a matrix valued function, Numer. Math. 60 (1991) 1–39.
[17] A. Bunse-Gerstner, R. Byers, V. Mehrmann, A chart of numerical methods for structured eigenvalue problems,
SIAM J. Matrix Anal. Appl. 13 (1992) 419–453, Reprinted in Numerical Linear Algebra Techniques for System
and Control, Rajni V. Petel, Alan J. Laub, Paul Van Dooren, (Ed.), IEEE Press, New York, 1994, pp. 437–468.
[18] A. Bunse-Gerstner, R. Byers, V. Mehrmann, Numerical methods for simultaneous diagonalization, SIAM J. Matrix
Anal. Appl. 14 (4) (1993) 927–949.
[19] R. Byers, N.K. Nichols, On the stability radius of a generalized state-space system, Linear Algebra Appl. 188/189
(1993) 113–134.
[20] P. Benner, R. Byers, Step size control for Newton’s method applied to algebraic Riccati equations, in: John Lewis
(Ed.), Proceedings of the Fifth SIAM Conference on Applied Linear Algebra, 1994, pp. 177–181.
[21] R. Byers, The descriptor controllability radius, in: Uwe Helmke, Reinhard Mennicken, Josef Saurer (Eds.), Systems
and Networks: Mathematical Theory and Applications, Proceedings of the International Symposium, MTNS ’93
held in Regensburg, Germany, August 2–6, 1993, vol. II, Akademie Verlag GmbH, Berlin, 1994, pp. 85–88.
[22] R. Byers, N. Rhee, Cyclic Schur and Hessenberg–Schur numerical methods for solving periodic Lyapunov and
Sylvester equations, unpublished.
[23] R. Byers, C. He, V. Mehrmann, On the matrix sign function method for the computation of invariant subspaces,
in: Proceedings of the 1996 IEEE International Symposium on Conputer-Aided Control System Design, Dearborn,
Michigan, USA, September 15–18, 1996, 1996, pp. 71–76.
[24] P. Benner, R. Byers, Disk functions and their relationship to the matrix sign function, in: Proceedings of the 4th
European Control Conference, Brussels, July 1–4, 1997.
[25] R. Byers, C. He, V. Mehrmann, The matrix sign function method and the computation of invariant subspaces, SIAM
J. Matrix Anal. Appl. 18 (1997) 615–632.
[26] R. Byers, T. Geerts, V. Mehrmann, Descriptor systems without controllability at infinity, SIAM J. Control Optim.
35 (1997) 462–479.
[27] R. Byers, P. Kunkel, V. Mehrmann, Regularization of linear descriptor systems with variable coefficients, SIAM J.
Control Optim. 35 (1997) 117–133.
[28] P. Benner, R. Byers, An arithmetic for matrix pencils, in: A. Beghi, L. Finesso, G. Picci (Eds.), Mathematical Theory
of Networks and Systems, Proceedings of the MTNS-98 symposium held in Padova, Italy, July 1998, Il Poligrafo
s.r.l., via Turazza, 19, 35128 Padova, Italy, 1998, pp. 573–576.
[29] R. Byers, C. He, V. Mehrmann, Where is the nearest non-regular pencil?, Linear Algebra Appl. 285 (1998) 81–105.
[30] P. Benner, R. Byers, An exact line search method for solving generalized continuous-time algebraic Riccati equations,
IEEE Trans. Automat. Control AC-43 (1998) 101–107.
Personal report / Linear Algebra and its Applications 428 (2008) 2410–2414 2413
[31] R. Byers, E. Barth, P. Benner, MB03SD, MB03TD, MB04DY, MB04ZD, solution of the Hamiltonian eigenvalue problem.
Subroutine Library in Control and Systems Theory (SLICOT), Working Group on Software (WGS), Numerical Al-
gorithm Group (NAG), Prof. Sabine Van Huffel, (Ed.), Katholieke Universiteit Leuven, ESAT Laboratory, Kardinaal
Mercierlaan 94, 3001, Heverlee, Belgium, 1998.
[32] P. Benner, R. Byers, V. Mehrmann, H. Xu, Numerical solution of linear quadratic control problems for descriptor
systems, in: Oscar Gonzalez, (Ed.), Proceedings of the 1999 IEEE International Symposium on Computer Aided
Control System Design, Kohala Coast – Island of Hawai’i, Hawai’i, August 22–27, 1999, CDROM Omnipress, 2600
Anderson Street Madison, Wisconsin 53704, 1999, pp. 46–51.
[33] P. Benner, R. Byers, An arithmetic for rectangular matrix pencils, in: Oscar Gonzalez, (Ed.), Proceedings of the
1999 IEEE International Symposium on Computer Aided Control System Design, Kohala Coast – Island of Hawai’i,
Hawai’i, August 22–27, 1999, CDROM Omnipress, 2600 Anderson Street Madison, Wisconsin 53704, 1999, pp.
75–80.
[34] A. Bunse-Gerstner, R. Byers, V. Mehrmann, N.K. Nichols, Feedback design for regularizing descriptor systems,
Linear Algebra Appl. 299 (1999) 119–151.
[35] P. Benner, R. Byers, V. Mehrmann, H. Xu. Numerical methods for linear quadratic and H∞ control problems,
in: Giorgio Picci, David S. Gilliam (Eds.), Dynamical Systems, Control, Coding, Computer Vision, New Trends,
Interfaces, and Interplay, Progress in Systems and Control Theory, Birkhäuser Verlag, P.O. Box 133, CH-4010 Basel,
Switzerland, 1999, pp. 203–222.
[36] R. Byers, E. Barth. AB13ED, AB13FD, and MB03NY, stability radii. Subroutine Library in Control and Systems Theory
(SLICOT), Working Group on Software (WGS), Numerical Algorithm Group (NAG), Prof. Sabine Van Huffel, (Ed.),
Katholieke Universiteit Leuven, ESAT Laboratory, Kardinaal Mercierlaan 94, 3001, Heverlee, Belgium, 1999.
[37] P. Benner, R. Byers, H. Faßbender, V. Mehrmann, D. Watkins, Cholesky-like factorizations of skew-symmetric
matrices, Elect. Trans. Numer. Anal. 11 (2000) 85–93.
[38] P. Benner, R. Byers, E. Barth, Algorithm 800: Fortran 77 subroutines for computing the eigenvalues of Hamiltonian
matrices I: The square reduced method, ACM Trans. Math. Software 26 (2000) 49–77.
[39] P. Benner, R. Byers, E.S. Quintana-Ortí, G. Quintana-Ortí, Solving algebraic Riccati equations on parallel computers
using Newton’s method with exact line search, Parallel Computing 26 (10) (2000) 1345–1368.
[40] P. Benner, R. Byers, Evaluating products of matrix pencils and collapsing matrix products for parallel computation,
Numer. Linear Algebra Appl. 8 (2001) 357–380.
[41] P. Benner, R. Byers, R. Mayo, E.S. Quintana-Qrtí, V. Hernandez, Parallel algorithms for LQ optimal control of
discrete-time periodic linear systems, J. Parallel Distributed Comput. 62 (2002) 306–325.
[42] P. Benner, R. Byers, V. Mehrmann, H. Xu, Numerical computation of deflating subspaces of
skew-Hamiltonian/Hamiltonian pencils, SIAM J. Matrix Anal. Appl. 24 (1) (2002) 165–190.
[43] K. Braman, R. Byers, R. Mathias, The multi-shift QR algorithm. Part I: maintaining well focused shifts and level 3
performance, SIAM J. Matrix Anal. Appl. 23 (2002) 929–947.
[44] K. Braman, R. Byers, R. Mathias, The multi-shift QR algorithm. Part II: aggressive early deflation, SIAM J. Matrix
Anal. Appl. 23 (2002) 948–973.
[45] P. Benner, R. Byers, A structure-preserving method for generalized algebraic Riccati equations based on pencil
arithmetic, in: Proceedings of the European Control Conference ECC’03, September 1–4, 2003, Cambridge, UK
(CD Rom), 2003.
[46] P. Benner, R. Byers, V. Mehrmann, H. Xu, A robust numerical method for optimal H∞ control, in: Proceedings of
the 43rd IEEE Conference on Decision and Control (CD Rom), 2004.
[47] R. Byers, D. Kressner, On the condition of a complex eigenvalue under real perturbations,BIT 44 (2) (2004) 209–214.
[48] K. Braman, R. Byers, xHSEQR: nonsymmetric matrix eigenvalues and eigenvectors, Computer programs contributed
to the LAPACK 3.1 Software Library, 2006.
[49] R. Byers, D. Kressner, Structured condition numbers for invariant subspaces, SIAM J. Matrix Anal. Appl. 28 (2006)
326–347.
[50] P. Benner, R. Byers, An arithmetic for matrix pencils: theory and new algorithms, Numer. Math. 103 (2006) 539–
573.
[51] R. Byers, B.N. Datta, Vector and matrix norms, error analysis, efficiency and stability, in: Leslie Hogben,
Richard Brualdi, Anne Greenbaum, Roy Mathias (Eds.), Handbook of Linear Algebra, Discrete Mathematics and
Applications, vol. 39, CRC Press, 2006 (Chapter 37).
[52] R. Byers, LAPACK 3.1 xHSEQR: Tuning and implementation notes on the small bulge multi-shift QR algorithm with
aggressive early deflation, LAPACK working note 187, May 2007.
[53] P. Benner, R. Byers, V. Mehrmann, H. Xu, A robust numerical method for the γ -iteration in H∞ control, Linear
Algebra Appl. 425 (2007) 548–570.
2414 Personal report / Linear Algebra and its Applications 428 (2008) 2410–2414
[54] R. Byers, V. Mehrmann, H. Xu, A structured staircase algorithm for skew-symmetric/symmetric pencils, Elect.
Trans. Numer. Anal. 26 (2007) 1–13.
[55] R. Byers, H. Xu, A new scaling for Newton’s iteration for the polar decomposition and its backward stability, SIAM
J. Matrix Anal. Appl., submitted for publication.
[56] R. Byers, V. Mehrmann, H. Xu, Staircase forms and trimmed linearizations for structured matrix polynomials, Linear
Algebra Appl., in press, doi:10.1016/j.laa.2008.01.005.
Volker Mehrmann
Inst. f. Mathematik, TU Berlin,
Str. des 17. Juni 136,
D-10623 Berlin, Germany
Tel.: +49 30 314 25736; fax: +49 30 314 79706
E-mail address: mehrmann@math.tu-berlin.de
Available online 4 March 2008
